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Historically, teacher assigned grades have been seen as unreliable 
subjective measures of academic knowledge, since grades and 
standardized tests have traditionally correlated at about the 0.5 to 
0.6 level, and thus explain about 25-35% of each other. However, 
emerging literature indicates that grades may be a multi-
dimensional assessment of both student academic knowledge and a 
student’s ability to negotiate the social processes of schooling, 
such as behavior, participation, and effort. This study analyzed the 
high school transcript component of the Education Longitudinal 
Study of 2002 (ELS:2002) using multi-dimensional scaling (MDS) 
to describe the relationships between core subject grades, non-core 
subject grades and standardized test scores in mathematics and 
reading. The results indicate that when accounting for the 
academic knowledge component assessed through standardized 
tests, teacher assigned grades may be a useful assessment of a 
student’s ability at the non-cognitive aspects of school. 
Implications for practice, research, and policy are discussed. 
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Currently in K-12 schools in the United States, two co-existing 
assessment systems are in place, standardized test scores that are 
reported to school administrators, the community, and state and 
federal policymakers, and teacher assigned grades, that are 
reported to students, parents and teachers (Farr, 2000). While 
increasing attention has been paid to preparing for, proctoring, and 
analyzing results from standardized testing since the rise of the 
accountability movement over the past 20 years, the vast industry 
of assessing and assigning course grades has continued unabated 
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(Bowers, 2009). Yet, while specific grades or course failures are 
routinely used by teachers and administrators for remedial or 
advanced student class assignments or special education 
identification (Hallinan, 1992), or as an at-risk indicator 
(Allensworth & Easton, 2005), lost in much of the discussion 
around accountability and recent calls for data driven decision 
making (3DM) has been the issue of using teacher assigned grades 
more systematically to inform decisions in schools and for 
policymaking (Bowers, 2009). This is reasonable given the policy 
debates around standardized testing, and that school administrators 
privilege standardized test score information over other forms of 
assessment (Guskey, 2007). However, as data already collected 
daily for the vast majority of students in U.S. schools in each 
subject and grade level, teacher assigned grades are a potential rich 
resource of information on student performance in each grade-level 
and subject area (Bowers, 2009, 2010a). Yet grades have 
historically been underused as useful data because they have been 
viewed as overly subjective and not directly tied to academic 
knowledge. 
 
Much of the research that has asked teachers what they assign a 
grade for has found that teachers award grades for not only 
academic knowledge but also a multitude of student behaviors and 
classroom performance issues, termed “hodgepodge” and “kitchen 
sink grading” (Brookhart, 1991; Cizek, Fitzgerald, & Rachor, 
1995-1996; Cross & Frary, 1999; Frary, Cross, & Weber, 1993; 
McMillan, 2001; Randall & Englehard, 2009). These include 
academic performance, classroom participation, effort, behavior, 
attendance, improvement, and turning in homework, among others. 
Because of these non-cognitive behavioral aspects of grades, 
psychometricians and assessment researchers have historically 
maligned teacher assigned grades as non-useful, due to the 
perception that grades are unreliable measures of academic 
knowledge, and they have urged teachers to work to align their 
grading practices to specific standards and procedures (Brookhart, 
2004; Heritage & Yeagley, 2005; Marzano, 2000). Yet, teachers 
are resistant to aligning grades purely to standardized academic 
knowledge outcomes (Cizek, 2000). As noted by Cross & Frary 
(1999): 
 
We must ask, "if hodgepodge grading is so deplorable, 
why haven't students, parents and administrators, or the 
general public called for reform?" It may well be that 
they share a common understanding that grades often do, 
in fact, represent a hodgepodge of attitude, effort, 
conduct, growth, and achievement and that is what they 
expect and endorse. (p.70) 
 
Thus, while administrators and policymakers focus on test scores, 
and researchers urge teachers to reform grading practices, teachers 
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and schools continue to collect grades in much the same way as 
they have in the past and report them to students and parents, 
despite consistent pressure to align grades to academic standards. 
 
While little research has focused on the association of standardized 
test scores to overall school and life outcomes, teacher assigned 
grades are well known as predictive of overall schooling outcomes. 
Over the past forty years, teacher assigned grades have been 
consistently shown to be strongly associated with the likelihood 
that a student will drop out or graduate from high school 
(Allensworth & Easton, 2007; Balfanz, Herzog, & MacIver, 2007; 
Barclay & Doll, 2001; Barrington & Hendricks, 1989; Bowers, 
2009, 2010a, 2010b; Bowers & Sprott, 2012; Ekstrom, Goertz, 
Pollack, & Rock, 1986; Ensminger & Slusarcick, 1992; 
Fitzsimmons, Cheever, Leonard, & Macunovich, 1969; Lloyd, 
1974, 1978; Rumberger & Palardy, 2005). In addition, high school 
grades have been shown to be strong predictors of college entrance 
exams and freshman college performance (Burton & Ramist, 2001; 
Linn, 1982; Woodruff & Ziomek, 2004; Zwick & Greif Green, 
2007). Indeed, these associations have remained consistently 
strong despite the reputation of grades as poor and subjective 
measures of academic knowledge. Thus, it appears that while 
grades have historically been criticized as poor measures of 
academic knowledge, the association between grades and overall 
school outcomes indicates that there may be a useful aspect of 
grades. This is an apparent paradox. Teacher assigned grades are 
not consistently used for systematic decision making by 
administrators, central offices and state and federal policymaking 
due to their subjectivity and incorporation of non-academic 
knowledge, yet grades have been shown to be strongly associated 
with overall schooling outcomes. Why? This issue of what it is that 
grades may be assessing, and how it might be useful, is the focus 
of the present study.  
 
Historically, for K-12 schools in the U.S., teacher assigned grades 
have consistently correlated with standardized test scores at about 
the 0.5 to 0.6 levels (Brennan, Kim, Wenz-Gross, & Siperstein, 
2001; Linn, 1982, 2000; Willingham, Pollack, & Lewis, 2002; 
Woodruff & Ziomek, 2004). As just one example, Brennan et al. 
(2001) studied a sample of 736 eighth grade students from six 
Boston schools, and compared grades in mathematics, English and 
science to scores on the Massachusetts MCAS standardized 
achievement tests and found the correlations to be 0.54 for 
mathematics, 0.59 for English, and 0.54 for science. Thus, if 
grades and test scores correlate at about 0.5 to 0.6, then examining 
the squared correlation (R-squared) indicates that these two 
assessments explain about 25-35% of each other. If one accepts 
that standardized test scores are generally a fairly pure assessment 
of basic academic knowledge, then by extension about 25-35% of 
teacher assigned grades is related to academic knowledge. 
Combining the overall schooling outcomes literature with this 
relatively small overlap between grades and test scores, if grades 
are known to be a weak assessment of academic knowledge, but 
appear to be a strong indicator of overall school outcomes, the 
question remains as to what the remaining 65-75% of teacher 
assigned grades actually assesses, and is this assessment useful 
beyond teachers, parents and students? Much of the “hodgepodge” 
grading literature cited above indicates that other than academic 
knowledge, grades represent an assessment of a student’s ability at 
the process of schooling such as behavior, attendance and 
participation. This idea that grades may be an assessment of two 
constructs, academic knowledge and school social processes, has 
been understood for some time (Cross & Frary, 1999; Parsons, 
1959). However, to date grades have been underused as 
informative data in schools (Bowers, 2009, 2010a), especially with 
the rise of state-wide accountability systems over the past 20 years. 
 
Recently, this dualistic nature of grades has been explored as 
useful data as a multi-dimensional assessment that assesses both 
academic knowledge and non-academic behaviors. In their study 
of grade 12 students, Willingham, Pollack and Lewis (2002) 
analyzed the relationship between grades and a standardized test 
composite in a subset of 8,454 students from the NELS:88 dataset. 
Interestingly, when they accounted for school grading variations, 
student characteristics and teacher perceptions of student 
attendance, class behavior, and motivation using multiple 
regression, they were able to account for 81% of the variance 
between grades and the standardized test. They attributed much of 
this result to the idea that grades are an assessment of both 
cognitive ability as well as what they termed engagement, or 
“conative skills” as an assessment of how hard a student 
endeavored or tried in the classroom. They note that: 
 
A grade represents each teacher’s judgment as to how 
well a student has fulfilled the implicit local contract 
between teacher and student….Grades especially reflect 
engagement, a strength particularly associated with 
conative skills. Educators recognize that conative skills 
like volition, habits of inquiry, effort and self-regulation 
are, in themselves, important goals of schooling. 
(Willingham, et al., 2002) (p.28-29). 
 
Thus, to these authors, the remaining 75% of grades that is not 
explained by test scores may be in part associated with a teacher’s 
assessment of student non-cognitive skills and behaviors.  
 
More recently, using a latent variable framework and structural 
equation modeling, in a study from Sweden, subject specific 
grades and standardized assessments in mathematics, English and 
Swedish were examined for an entire national cohort of students 
(Klapp Lekholm & Cliffordson, 2008, 2009). Grades were shown 
to be a multi-dimensional assessment, assessing academic 
knowledge in a similar fashion to the standardized tests, but also 
assessing a “common grade dimension” that was not classroom or 
school dependent and appeared to be a large and consistent 
component of the assessments that did not assess academic 
knowledge, but rather some “other” dimension of the schooling 
process. In a similar study, using multi-dimensional scaling 
(MDS), 195 student subject specific grades from two small 
graduating cohorts of U.S. students in 2006 were compared to 
standardized test scores at the high school level, including the ACT 
college entrance exam and state-wide grade 10 standardized tests 
in mathematics, English and science (Bowers, 2009). As with 
Klapp Lekholm and Cliffordson, grades were multi-dimensional, 
consisting of an academic knowledge component that aligned with 
both the ACT and the state standardized tests, and a non-academic 
component that was distal from standardized tests. Using the past 
literature on grades, a theory was constructed to argue for a shift in 
the construct represented by grades. Thus, due to this mounting 
evidence from the literature, it appears that teacher assigned grades 
are a multi-dimensional assessment of both academic knowledge 
and a non-academic or non-cognitive component that represents a 
student’s ability to negotiate the social processes of school, 
including behavior, participation, attendance, and study skills, 
among others – termed a Success at School Factor (SSF) (Bowers, 
2009). However, these two studies are limited either to a non-U.S. 
context or to small intact samples. Thus, this evidence of the multi-
dimensional nature of grades is tentative and must be replicated 




Framework of the Study 
 
Nevertheless, from a policy perspective, much of the literature has 
shown that standardized test scores have only a weak association to 
overall student schooling outcomes, such as graduating or 
dropping out, while teacher assigned grades are consistently shown 
to be a powerful predictor of student schooling success or failure 
(Bowers, 2009; Bowers & Sprott, 2012; Rumberger & Palardy, 
2005). Why? What is it that grades assess, and is it useful not only 
for students and parents, but for teachers and school leaders as they 
use student-level data to create a conversation around data driven 
decision making, as well as for policymakers in the current era of 
accountability? The majority of the literature to date has left this 
question unaddressed. 
 
Thus, this study focuses on the intersection of grades as 
informative as multi-dimensional assessments of both student 
academic knowledge and non-cognitive behaviors. The aim is to 
provide a means for school leaders and administrators to use 
grades more effectively in helping identify student-level data 
already collected across all schools to help drive decisions on how 
to direct the limited resources of schools and school districts to the 
students most in need (Bowers, 2008). This study addresses this 
aim in the following way. Since the literature on the multi-
dimensional nature of grades currently is sparse and limited either 
to the non-U.S. context, dated samples, or on specific small intact 
student samples, the goal is to replicate and extend these findings 
to confirm the multi-dimensional nature of grades comparing 
teacher assigned grades to standardized assessments in a large 
national sample. Specifically, the research questions addressed 
here are: 
 
 To what extent are teacher assigned grades and standardized 
test scores related? 
 To what extent is the relationship multi-dimensional across 
core and non-core grades versus standardized test scores? 
 To what extent does the relationship between test scores and 






This study is a secondary data analysis of the Education 
Longitudinal Study of 2002 (ELS:2002) with first follow-up data 
from 2004 (NCES, n.d.). ELS:2002 is a nationally representative 
longitudinal sample of about 15,400 students who were in grade 10 
in 2002 across about 750 different schools in the U.S. In the base 
2001-02 school year, students were asked to fill out an extensive 
questionnaire, and were tested in multiple subjects. In the first 
follow-up in the spring of 2004, about 15,000 students were again 
surveyed and tested, and high school transcripts were collected for 
a majority of the students (Bozick et al., 2006; Ingles et al., 2004; 
Ingles et al., 2007). High school transcript, achievement and 
grading data are historically difficult to collect (Kuncel, Crede, & 
Thomas, 2005), thus a large national sample of student records 
throughout high school, such as ELS:2002, is a rare and important 
database to analyze for overall patterns of student achievement 
data.  
 
Due to the need for complete data across each variable in the 
subsequent analysis discussed below, this study analyzed subsets 
of the ELS:2002 dataset. Namely, this included a sample of 
n=4,520 students with standardized test and grades data for each of 
the eight semesters from grade 9 through 12, and n=5,230 for 
students with standardized test and grades data across each of the 
main course subject areas included in the analysis discussed below. 
Due to issues of data confidentiality, some variables have been 




Two main types of variables were analyzed from ELS:2002, 
standardized test scores and teacher assigned grades. For 
standardized test scores, the ELS:2002 grade 10 standardized test 
scores in reading and mathematics were included in the analysis. 
For the base-year when students were in grade 10, students were 
given an assessment battery in both reading and mathematics that 
contained questions equated with and adapted from the past 
nationally normed assessments NAEP, PISA and NELS:1992 
(Ingles, et al., 2004). These questions assessed academic 
knowledge in reading through testing for the reproduction of 
literary detail, comprehension, inference and evaluation. The 
questions assessed academic knowledge in mathematics through 
testing for skills, understanding, comprehension and practical 
application and problem solving in arithmetic, algebra, geometry, 
data and probability (Ingles, et al., 2004). To replicate and extend 
the past research comparing grades to standardized assessments 
that used national or state-normed standardized assessment scores 
(Bowers, 2009; Klapp Lekholm & Cliffordson, 2008, 2009), for 
the analysis discussed below, the standardized T-scores were used 
as nationally norm-referenced assessments of academic knowledge 
in both reading and mathematics, ELS:2002 variables BYTXRSTD 
(reading) and BYTXMSTD (mathematics). 
 
The second type of variable included in the analysis were grades 
across subjects in high school. Teacher assigned grades in each 
subject for each student at each grade level from grades 9 through 
12 were included in the analysis. Historically, much of the 
literature on grades has relied either on teacher perception of how 
they grade students (Cizek, et al., 1995-1996; Cross & Frary, 1999; 
McMillan, 2003) or on student’s self reported grades (Woodruff & 
Ziomek, 2004), which recently have been shown to be problematic 
as useful data (Kuncel, et al., 2005). Thus, this study relied on the 
grades reported on school transcripts within each semester at each 
grade level 9-12 for each student. Student transcripts for all 
courses taken from grades 9 through 12 were collected for 
ELS:2002, which included the subject, grade level, semester and 
the grade awarded (Bozick, et al., 2006; Ingles, et al., 2004). This 
resulted in the extraction of about 638,000 individual course grades 
across 1,600 different course subject titles. The ELS:2002 variable 
F1CGRADE reported letter grades on a standard A+ to F scale. 
These grades were converted to a numeric scale in which A=4.0, 
A- = 3.666, B+ = 3.333, B = 3.0, B- = 2.666, C+ = 2.333, C = 2.0, 
C- = 1.666, D+ = 1.333, D = 1.0, D- = 0.666, E or F = 0. Each 
course was coded within ELS with the F1CCSSC variable 
according to the Classification of Secondary School Courses 
(CSSC) (for a review of CSSC please see Bozick et al., 2006). To 
decrease issues with missing data across different course subjects, 
subjects were aggregated to twelve top-level course domains for 
either core subject courses (mathematics, English, science, social 
studies) or non-core subject courses (foreign/non-English 
languages, family and consumer science, military science, physical 
education (PE) health and recreation, religion, art, general skills, 






Table 1: Descriptives for variables included in the multi-dimensional scaling models 
     
Variable Min Max Mean SD 
     
Grade-Level GPA for Core Courses n=4520     
9 Semester 1 (9S1) 0 4 2.686 0.884 
9 Semester 2 (9S2) 0 4 2.652 0.925 
10 Semester 1 (10S1) 0 4 2.630 0.900 
10 Semester 2 (10S2) 0 4 2.622 0.924 
11 Semester 1 (11S1) 0 4 2.623 0.891 
11 Semester 2 (11S2) 0 4 2.607 0.933 
12 Semester 1 (12S1) 0 4 2.699 0.902 
12 Semester 2 (12S2) 0 4 2.693 0.901 
     
Grade-Level GPA for Non-Core Courses n=4520     
9 Semester 1 (9S1) 0 4 3.191 0.737 
9 Semester 2 (9S2) 0 4 3.168 0.784 
10 Semester 1 (10S1) 0 4 3.167 0.781 
10 Semester 2 (10S2) 0 4 3.139 0.822 
11 Semester 1 (11S1) 0 4 3.207 0.780 
11 Semester 2 (11S2) 0 4 3.177 0.831 
12 Semester 1 (12S1) 0 4 3.342 0.748 
12 Semester 2 (12S2) 0 4 3.268 0.822 
     
Subject-Level GPA for grades 9-12 n=5230     
Mathematics  0 4 2.382 0.951 
English Language Arts 0 4 2.657 0.881 
Science 0 4 2.528 0.921 
Social Studies 0 4 2.709 0.893 
Foreign/Non-English Languages 0 4 2.592 1.069 
Physical Education Health & Recreation (PE) 0 4 3.319 0.762 
Art 0 4 3.275 0.853 
     
Mathematics standardized test (Grade 10) 19.38 84.85 51.988 9.278 
Reading standardized test (Grade 10) 24.29 78.76 51.733 9.318 
 
 
Because of the wide variety of course selection, to increase the 
total number of non-missing data, two sets of non-cumulative 
grade point averages (GPA) were calculated. First, mean non-
cumulative GPA for each of the eight high school semesters from 
grade 9 through 12 was calculated for each student for both core 
and non-core courses to examine the relationship between core 
courses, non-core courses and standardized tests. In an effort to 
maximize the grade and subject level information available for the 
distance measure calculations discussed below and to ensure 
coverage across each semester and grade level, the analysis 
focused only on students who had attended high schools on either a 
semester or quarter term system and who had valid transcript data 
for each of the eight semesters. This resulted in n=4,520 students 
(see Table 1). 
 
Second, to examine cross-subject relationships between grades and 
test scores, the mean grade in each of the twelve course domains 
for each student was calculated. However, since complete data was 
required in the subsequent analysis across each of these course 
subject means, the subjects family and consumer science, military 
science, religion, general skills and labor prep were removed from 
the course subject means analysis due to either low enrollment 
(each of the courses family and consumer science, military science, 
religion and general skills represented less than 3% of the course 
enrollment), or missing data in comparison with the included 
subjects. This resulted in n=5230 students (see Table 1). 
 
 
Analytic Technique: Multi-dimensional Scaling (MDS) 
 
To examine the underlying structure of the relationship between 
teacher assigned grades and standardized test scores, multi-
dimensional scaling was used (MDS). Similar to factor analysis, 
MDS is a form of data reduction, estimating the latent variables 
underlying the relationships between a set of variables (Borg & 
Gorenen, 1997; Mead, 1992; Subkoviak, 1975). MDS is a 
descriptive statistic that relies on a set of distance measures to 
calculate a similarity or dissimilarity matrix, and then graphically 
“projects” the most significant latent variable dimensions into a 
two or three dimensional plot in which variables are separated 
across the dimensions based on their similarity or dissimilarity. 
The classic example of MDS is the recreation of a map of the 
relative distances of U.S. cities. If one takes a straight-line lower-
triangular distance matrix of the distances between the major cities 
in the U.S., as is found on most driving atlases, the distance 
between any two cities can be found by looking up one city as a 
row, and the other as a column, and then finding the intersecting 
cell with the distance between the two cities. If MDS is applied to 
such a distance matrix, the relative location of all of the cities is 
recreated on a two-dimensional plot, in which Boston and New 
York are in the upper right, Miami in the lower right, Seattle in the 
upper left, Los Angles in the lower left, and cities like Detroit, St. 
Louis and Houston all aligned where they would be expected 
(Borg & Gorenen, 1997; Davidson, 1983). MDS has been used in 
many research fields, including global health and medicine, higher 
education, education finance and policy, and K-12 education 
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(Bowers, 2009; Enserink, 2008; Glass, 1967; Pincus & Schmelkin, 
2003; Russell et al., 2008; Smith et al., 2004; Song & Miskel, 
2007). Here, the data were analyzed using ordinal MDS with 
Euclidean distance as the distance measure. To prevent 
overweighting in the distance matrix by the differences in scales 
between the standardized test scores and grades, all variables were 
z-scored. The MDS analysis was calculated using the ALSCAL 
procedure in SPSS/PASW version 18.0, and subsequent distance 
relationships were plotted in either two or three dimensions. 
 
RESULTS 
To date, a pervasive question in the literature on the difference 
between teacher assigned grades and standardized testing is what 
do grades actually assess and can that assessment be useful for 
school and policy decision making and continuous improvement? 
The goal of this study is to delineate the commonalities and 
differences between grades and standardized tests in high school. 
Despite the strong association between grades and overall 
schooling outcomes, researchers continuously urge teachers to 
align their grading practices with standardized curricula and 
grading practices to change grades into a more accurate assessment 
of academic knowledge. However, teachers are resistant to these 
recommendations as they report that they award grades for a 
multitude of behaviors, from academic knowledge, to attendance, 
participation, effort and overall positive classroom behaviors. 
Since historically grades and test scores have correlated around 0.5 
to 0.6, and thus test scores explain about 25-35% of grades, the 
central question of this study is to describe what the other 
approximately 65-75% of grades may be assessing, and is it an 
assessment that is useful. The recent research reviewed above 
indicates that this other dimension of grades may be aligned with 
the hodgepodge grading literature, in that teachers are awarding 
grades as a multidimensional assessment, one that encompasses 
both academic knowledge and student affective classroom 
behaviors. To test this hypothesis using a large national sample of 
high school students from the U.S., I first examine the overall 
correlation from the ELS:2002 dataset between tests and grades, 
then outline a theoretical framework for the difference between 
grades and tests. I next describe two multi-dimensional scaling 
(MDS) analyses, one that compares core and non-core GPA across 
all eight semesters of high school to standardized tests in 
mathematics and reading, and a second that compares grades in 
each main subject area in high school to the same standardized 
tests. I then turn to a discussion of the usefulness of grades as a 
multi-dimensional assessment in schools and for policy. 
 
The Relationship between Grades and Tests 
 
Overall, for the ELS:2002 sample, the Pearson product moment 
correlation comparing overall high school GPA to the ELS:2002 
mathematics and reading composite test score was 
r(14,520)=0.572. This replicates the long history of studies 
comparing teacher assigned grades and standardized tests reviewed 
above (Brennan, et al., 2001; Linn, 1982, 2000; Willingham, et al., 
2002). For this dataset, the overall variance explained between 
grades and standardized tests is 0.327 (R-squared), such that these 
two assessments appear to be explaining about 32.7% of each 
other, replicating and extending the past research to the ELS:2002 
dataset. Thus, this correlation suggests that one dimension of 
teacher assigned grades for these students is highly related to core 
academic knowledge, such as the knowledge assessed by the 
standardized mathematics and reading assessments. However, this 
appears to be only a minor proportion of what grades are assessing. 
What does the remaining component of grades assess? 
 
Framing a Hypothesis for the Difference between Grades and 
Tests 
 
To address this question, this study explores the difference 
between core grades, non-core grades and test scores. As discussed 
above in the recent literature on the “common grades dimension” 
(Klapp Lekholm & Cliffordson, 2008, 2009), which was also 
termed “conative” engagement and effort behaviors (Willingham, 
et al., 2002) or a success at school factor (SSF) (Bowers, 2009), 
multiple studies have described this “other” dimension of grades. 
Controlling for academic knowledge in the past models, this 
literature indicates that the hodgepodge grading literature may be 
correct, in that in large measure, teachers award grades for effort, 
engagement, and participation. These studies indicate however that 
rather than an inconsistent, unreliable or subjective assessment, it 
may be that teacher assigned grades are more systematic than 
previously suggested. Due to this, Bowers (2009) argued for a re-
conception of the construct validity of grades, in that grades should 
be considered a multi-dimensional assessment of both academic 
knowledge and a student’s ability to negotiate the social processes 
and demands of schooling.  
 
This study is in part a replication and extension of this research 
domain, especially Bowers (2009) which also used MDS to 
describe this grades/test score relationship. However, the past 
research has been limited either to dated or non-U.S. samples, or to 
small limited and intact samples of less than 200 students. In 
addition, other than Bowers (2009), the majority of the research 
has focused exclusively on grades in core subjects, such as 
mathematics and English. Left out of the discussion has been 
grades in non-core subjects, such as art, foreign/non-English 
languages and physical education (PE). Indeed, as noted above, 
teachers award and record grades in each of these subjects for 
students in high schools, yet this data has historically not been 
viewed as relevant assessments of student progress in schools for 
overall school decision and policymaking. However, grades in 
non-core subjects provide a novel means to explore this multi-
dimensional relationship between grades and standardized tests. If 
the 25-35% overlap between grades and standardized tests is due to 
an academic knowledge/cognitive ability dimension, as 
hypothesized by Klapp Lekholm (2008, 2009), Willingham et al. 
(2002), and Bowers (2009), then it stands to reason that grades in 
core subjects, such as mathematics, English, science and social 
studies, would align in some part with standardized tests in core 
subjects. Thus, for students, high or low performance in the 
academic knowledge dimension would contribute similarly to both 
test scores and grades. Said another way, what it takes to do well in 
a core class, such as mathematics or science, is similar in the 
academic knowledge dimension to what it takes to do well on a 
standardized test on core subjects. Conversely, non-core subjects 
have less to do with academic knowledge and thus should not align 
with standardized tests. However, if the current hypothesis from 
the above literature is correct, then similar affective classroom 
behaviors, such as participation, attendance, and effort, should help 
a student do well in both core and non-core subject courses. If this 
is correct, teacher assigned grades then, as an assessment of both 
of these cognitive and non-cognitive behaviors could be a very 
useful assessment of a student’s ability across the spectrum of 











Figure 1: MDS of standardized tests and core and non-core GPA, n=4520. 
 
 
Assessing the Multi-dimensional Relationship between Grades and 
Tests 
 
To address this issue, using multi-dimensional scaling (MDS), the 
relationship between standardized tests in mathematics and reading 
were compared from the ELS:2002 dataset to student non-
cumulative GPA in each of the eight semesters of high school 
(grades 9-12) in either core or non-core subjects (see Figure 1). 
The MDS fit the data well, separating grades and test scores in two 
dimensions, with a low stress value of 0.097, explaining 96.6% of 
the variance. As noted in the methods, much like other latent 
variable analysis techniques, MDS fits the data to the significant 
dimensions in the data-space. Here, the standardized tests (Figure 
1, shaded triangles) and grades in core (shaded circles) and non-
core subjects (open circles) separated along two dimensions. Grade 
level and semester are indicated with a number and either S1 or S2 
for semester 1 and semester 2. Dimension 2 appears to be the 
difference between core and non-core subjects, with the 
standardized tests and the majority of the core subject grades 
across the semesters to the north of the plot, and non-core grades to 
the south. Dimension 1 appears to be the difference between 
grades and tests, with the standardized tests to the east of the plot, 
while grades are more to the west. This replicates and extends the 
findings from Bowers (2009) to a large recent national U.S. 
sample. Interestingly, grades across the semesters also appear to be 
distributed chronologically along dimension 1, with grades in both 
core and non-core subjects in grade levels 9 and 10 closer to the 
standardized tests than for grade levels 11 and 12. This may be due 
to the tests being given in grade 10, as well as the tendency of 
student enrollment in core subjects to begin to disperse generally 
after grade 10 (Bowers, 2010a) which may align less with the 
standardized tests. Thus, dimension 2 appears to describe a more 
academic knowledge/cognitive behavior dimension, while 
dimension 1 appears to be the difference between tests and grades.  
 
Nevertheless, aggregating all subjects by grade and semester level 
removes the ability to examine these relationships by course 
subject. While students in U.S. high schools are able to select from 
a broad variety of courses and overall subjects (Bowers, 2010a; 
Powell, Farrar, & Cohen, 1985), rarely in education research has 
the relationship between different core and non-core course 
subjects been compared to standardized tests. However, examining 
the extent of the relationship between core and non-core subjects 
and standardized tests is the focus of this study. Here, using the 
transcript study component of ELS:2002, and following the 
guidelines of the Classification of Secondary School Courses 
(CSSC) used to classify course topic in ELS:2002 (Bozick, Lauff, 
& Wirt, 2007), high school subject-specific grade point averages 
were calculated for the core subject courses mathematics, English, 
science and social studies, as well as for the non-core subject 
courses art, foreign/non-English languages, and physical education 
(PE) (see methods). These were analyzed along with standardized 
test scores in mathematics and reading using MDS (see Figure 2).  
 























































Figure 2: Three-dimensional MDS of standardized tests, grades in core subjects, and grades in non-core subjects, n=5230. Panel A displays 
the full MDS solution in three dimensions, while Panel B and C display only two dimensions at a time, holding dimension 1 constant.






























































































































































Here, the three dimensional solution fit the data well, with a stress 
value of 0.012, explaining 99.9% of the variance across the 
different assessments. Figure 2 displays the three dimensional 
MDS in two ways. First, the standardized tests (shaded triangles), 
core subjects (shaded circles) and non-core subjects (open circles) 
are plotted in three dimensions (Figure 2A). Second, to allow the 
reader to visualize the multiple dimensions, Figure 2 plots two 
additional two-dimensional plots of the same MDS with dimension 
1 held constant along the horizontal axis and the front plane of 
dimension 1 by dimension 2 plotted as length by height (Figure 
2B), with dimension 1 by dimension 3 plotted as length by depth, 
or the “floor” of the figure (Figure 2C).  
 
The results of the MDS plotted in Figure 2 describes the 
relationships between standardized tests in mathematics and 
reading and core and non-core subject specific grades. As in Figure 
1, dimension 1 of Figure 2 appears to represent the difference 
between standardized tests and grades. The tests are to the far east, 
while the subject grades are to the west (Figure 2B). If one 
collapses Figure 2B into a single horizontal line along dimension 
1, the different subjects cluster very closely together, as do the 
tests. As will be discussed below, the results of the MDS along 
dimension 1 suggests that this is the non-cognitive classroom 
behavior dimension, or the difference between what it takes to get 
high marks on tests versus grades, accounting for an academic 
knowledge dimension. The academic knowledge dimension 
appears to fall along dimension 2. As plotted in Figures 2A and 
2B, foreign language, art and PE appear to be distal along 
dimension 2 from core courses and the standardized tests, with art 
and PE clustering at the “top” of the three dimensions along 
dimension 2 with foreign language closer to the “bottom”. Thus, 
dimension 2 appears to represent the difference between core and 
non-core subjects. Interestingly, foreign language appears to differ 
substantially from the other types of courses along dimension 2, 
indicating that this subject is a different type of non-core subject 
from art and PE. Dimension 3 plots a novel finding of the Figure 2 
MDS that appears to be the difference between art and PE, with 
core subjects, the standardized tests, and foreign language 
clustering between the two. Interestingly, there appears to be a 
continuum along dimension 3, from art, to foreign languages, the 
reading standardized test, and English to social studies, science the 
mathematics standardized test, mathematics grades and PE. This 
result, for the first time, delineates the multi-dimensional aspects 
of the differences in what is assessed across these different types of 
high school course subject assessments, and will be discussed in 
greater detail below. 
 
DISCUSSION 
This study is the first to examine the multi-dimensional 
relationship between teacher assigned grades in core high school 
subjects, non-core subjects and standardized tests as a measure of 
academic knowledge through the analysis of a large U.S. sample of 
high school students. The results of this study suggest that teacher 
assigned grades in high school are a multi-dimensional assessment 
of both student academic knowledge and student non-cognitive 
behaviors. In opposition to the pejorative “hodgepodge” and 
“kitchen sink” grading literature that asserts that teachers are not 
reliable sources of information about the performance of their 
students, such as the literature urging teachers to reform grading 
practices and align grades to academic knowledge and more 
standardized assessments (Brookhart, 1991, 2004; Cizek, et al., 
1995-1996; Cross & Frary, 1999; Marzano, 2000), the results of 
this study argue for a change in the conception of grades. This 
study extends the recent literature that has identified a common 
grades dimension (Klapp Lekholm & Cliffordson, 2008) that 
appears to assess a student’s effort and engagement (Willingham, 
et al., 2002) and ultimately their success at being schooled 
(Bowers, 2009). Rather than malign teachers for continuing to 
report that they award grades for the “hodgepodge” of factors, such 
as attendance, participation, effort and behavior, the results of this 
line of research suggest that grades be reconsidered as valuable and 
useful assessments for not only students, teachers and parents, but 
also for administrators, researchers, and policymakers. While 
teacher assigned grades are not a pure assessment of academic 
knowledge, it appears that teachers may be adept at assessing a 
student’s ability to perform at the social processes of the institution 
of schooling, in which academic knowledge is just one component 
of a much broader array of behaviors required by a student’s 
community and school. It may be this component of grades that 
continues to give grades their strong association with overall 
schooling outcomes, such as graduating or dropping out. 
 
The idea that teacher assigned grades are a multi-dimensional 
assessment is not new. In writing about elementary school grades 
over 50 years ago, Talcott Parsons (1959) noted this dual 
assessment issue between cognitive abilities and behavior when 
examining teacher assessments: 
 
The pupil is evaluated in diffusely general terms; a 
good pupil is defined in terms of a fusion of the 
cognitive and the moral components, in which 
varying weight is given to one or the other. Broadly 
speaking, then, we may say that the "high 
achievers" of the elementary school are both the 
"bright" pupils, who catch on easily to their more 
strictly intellectual tasks, and the more 
"responsible" pupils, who "behave well" and on 
whom the teacher can "count" in her difficult 
problems of managing the class. (p.304) 
 
 
A good student gets high grades, but not necessarily high test 
scores. In the end, teachers award grades for not only academic 
knowledge, but in the terms of Parsons, for responsibility and 
behavior. The results of this study, along with the recent research 
on grades discussed above, extends this to a broader conception of 
grades as assessments of effort, participation and behavior. 
 
Thus, this study comes to what may appear to be an obvious 
conclusion, teachers award grades based on how well a student 
performs across all of the expectations in the classroom. While this 
point has been known for quite some time, this study, along with 
the other recent research discussed above on this topic, has worked 
to describe this relationship between grades and test scores. 
Because of the perception that grades are not useful beyond the 
classroom due to a perception that they are unreliable measures of 
academic knowledge, grades have not been privileged as useful 
data in the accountability and data driven decision making 
movements. Yet, schools collect grades continually and the results 
here support the conclusion that grades are an important 
assessment of a student’s ability at schooling.  
 
The results of the multi-dimensional scaling between core and non-
core grades and the reading and mathematics standardized tests 
indicate that there is a substantial component of grades that aligns 
across different subjects when accounting for the academic 
knowledge component represented by the standardized tests. The 
three dimensional MDS plotted in Figure 2 above indicates that 
along dimension 1, grades in all of the different subjects aligned 
very closely, with tests distal to the course subject grades. 
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Dimension 1 of both MDS analyses appears to represent a latent 
factor that describes the difference between standardized tests and 
grades. One alternative explanation is that this could be just the 
difference between a student’s natural ability at test taking 
strategies on standardized tests versus teacher created assessments, 
or a student’s test wiseness. Alternatively, dimension 1 could be 
related to academic knowledge in some way, but dimension 2 
appears to relate to academic knowledge in both MDS analyses. 
The novel aspect of both MDS analyses presented here is the use 
of non-core subject grades to help interpret dimension 1. Across 
the literature, non-core subject grades have received little attention 
in relation to standardized tests. Here, in both MDS analyses, 
dimension 2 appears to describe the difference between core and 
non-core subjects, in which the standardized tests align with the 
core subjects, while grades align together along dimension 1. Thus, 
if dimension 1 describes the assessment of a student’s ability to 
perform at the social processes of school, termed previously a 
Success at School Factor (SSF) (Bowers, 2009), then as 
hypothesized here, grades in core and non-core subjects would 
align along dimension 1 when academic knowledge is accounted 
for in the model, here along dimension 2, since non-core subject 
grades lack the academic knowledge component assessed in the 
standardized tests, but contain the same SSF component as core 
subject grades. This is especially evident in Figure 2 when 
examining specific course subject grades.  
 
However, the distribution along dimension 1 in Figure 1 appears to 
also include time, with teacher assigned grades in grade levels 9 
and 10 proximal to the test scores, and grades in both core and 
non-core subjects distributing away from test scores as the grade 
levels increase. As one explanation, the standardized tests were 
conducted in grade 10, and so this distribution along dimension 1 
in Figure 1 may be due to grade levels that were aligned more 
closely in overall content up until grade 10, and then subjects 
began to disperse after that point. Previous research on the 
distribution of course subject enrollment in high school indicates 
that after grade 10, student enrollment in core course subjects 
begins to decrease (Bowers, 2010a). Thus for this analysis, teacher 
assigned grades in the grade levels 11 and 12 may diverge as 
students select different types of courses, with some selecting core 
courses that align with college aspirations, and others selecting 
non-core courses. The second MDS that examined grades by 
subject area in Figure 2 was included in the study in part to help 
control for this issue. When examined without grades calculated by 
time period, but rather by subject area, the grades aligned 
extremely closely along dimension 1 (see Figure 2). 
 
Dimension 3 in Figure 2 is a novel finding of this study. 
Accounting for the core to non-core dimension (dimension 2) as 
well as the difference between tests and grades (dimension 1), 
dimension 3 appears to describe the difference between art and PE. 
Interestingly, subject area topics align along dimension 3 from art 
to languages and reading, then to social studies, science, 
mathematics and PE. This finding was unexpected, but is included 
here to aid in future research on the differences between grades in 
core and non-core courses in high school. Because of the order of 
the subject alignment along dimension 3, these results suggest that 
grades in art were more related to grades and test scores in 
languages, while grades in physical education were more related to 
mathematics. However, the distance along dimension 3 between 
the subject areas in the core subject cluster in the center is much 
smaller than the overall distance from the cluster to either art or 
PE. This means that the relationship along dimension 3 between 
English and mathematics is greater than the relationship between 
English and art or mathematics and PE. While this finding is 
tentative and in need of replication, dimension 3 may represent the 
difference between assessments of creative works versus strategic, 
analytic, or physical ability. Future research should work to 




This study is limited in three main ways. First, due to the use of the 
ELS:2002 dataset, the analysis is limited only to students who 
were enrolled in grade 10 in 2002 across the sample. Students and 
student data from earlier grade levels or who dropped out of school 
before grade 10 are not included. It may be that the relationships 
between standardized tests and teacher assigned grades differs for 
students at earlier grade levels, or by different background factors 
that may lead to students dropping out before grade 10. Indeed, 
recent work on teacher assigned grades in Sweden indicates that 
grades, and especially the common grades dimension discussed 
here, may vary by student background such as gender (Klapp 
Lekholm & Cliffordson, 2009), which is also known to be 
associated with differing rates of dropping out of school in the U.S. 
context (Rumberger, 2004). Thus, the results here can only be 
interpreted as relating to students who completed grade 10. 
Second, the need for complete data cross the variables in the 
ordinal MDS required the use of a subset of students from the full 
ELS:2002 dataset, limiting the sample size and the ability to 
generalize to the entire sample, and therefore to the entire 
population of students who were in grade 10 in 2002. Due to this 
issue, the results of this study should be considered descriptive 
rather than generalizable. Third, the requirement for complete data 
for the MDS resulted in differing sample sizes for the two MDS 
analyses. In the first MDS in Figure 1, students had to have taken 
both standardized tests, and had recorded both core and non-core 
subject grades for all eight semesters of high school, grades 9-12. 
This means that no students who dropped out of school are 
included in the first MDS. However, to help address this issue, the 
second MDS was conducted that required that students had taken 
both standardized tests and had at least one grade in each of the 
seven subject areas included. This helped to include students who 
had dropped out, but students who did not have a grade recorded 
for all seven subject areas were excluded from this second MDS. 
Because the first MDS averaged grades across all subjects for core 
and non-core, it did not have this limitation. Thus, while care was 
taken to keep the sample sizes as large and comprehensive as 
possible, both samples should be considered biased, but with each 
addressing issues from the other. For future work in this area, one 
way to address these issues would be to analyze entire intact 
cohorts from large school districts in which all of the data was 




In conclusion, this study extends the past work on what teacher 
assigned grades actually assess by describing the relationships 
between core and non-core subject grades in high school in 
comparison to standardized tests in mathematics and reading. As 
has been argued extensively over the past few decades, educational 
research must strive to replicate past findings from specific intact 
contexts and extend those findings into new domains to help build 
theory around the core knowledge in education (Berliner, 2002; 
Shavelson & Towne, 2002). The findings here replicate and extend 
the work that indicates that teacher assigned grades assess 
academic knowledge as well as student engagement, effort, 
participation, and behavior. Teachers award grades based on how 
well students conform to both the academic and social process 
demands of the institution of schooling. In one way, it could be 
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said that grades represent an assessment of how well students play 
the game of being schooled. Some students are academically gifted 
and thus can score well on a standardized test, yet for some reason 
do not conform to the rules and expectations of the schooling 
process, and thus are given low grades. These low grades, in turn, 
are strongly associated with students dropping out of school. In 
contrast, a student may have difficulty with the academic and 
cognitive aspects of schooling, and thus do poorly on academic 
tests, but may do well in the SSF or conative engagement, 
participation, behavior and effort aspects of the schooling process. 
These scenarios are conceivable given the 0.5 to 0.6 correlation 
relationship shown here and historically between grades and tests. 
 
The issue for administrators, researchers and policymakers is that 
teacher assigned grades have not been systematically used for 
accountability reporting, despite the strong association with 
schooling outcomes. The results of this study indicate that for data 
driven decision making and continuous school improvement, 
teacher assigned grades should be used more systematically to 
identify how to direct the limited resources of a school district 
towards the students most in need. It may be that a student is 
academically challenged, and standardized assessments, be they 
either periodic assessments or state accountability tests, would 
most likely show this. These students would benefit from tutoring 
in specific academic subjects. However, it could be just as likely 
that a student is not performing well within the social and 
institutional expectations of the school and classroom. This would 
be shown by decreasing or failing grades. While grades also 
indicate academic performance, a student may need tutoring in the 
social and engagement processes of school, such as how to study, 
take notes, attend, behave well, participate, and engage in the 
process. Teacher assigned grades appear to assess precisely this 
aspect of schooling. In the end, the results of this line of research 
urge for a reconception of the utility of teacher assigned grades 
such that interventions should differ based on student cognitive 
versus behavioral and engagement needs. 
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